Magnesium/phosphotungstic acid was confirmed as specific for precipitation of chylomicrons, low-density and very low density lipoprotein particles in serum from healthy volunteers who were either fasting or who had eaten egg yolks or a salmon sandwich containing Flora margarine 2 hours previously.
Results). When 'fasting', the rrurumurn interval between the last time food was eaten and venepuncture was 10 hours. Subjects did not alter their diets or 'life-style' during the experiments. The experiments were performed between May and October 1980. SUBJECTS The subjects were healthy medical, technical, or secretarial members of the laboratory staff of a district general hospital; nine were men and nine were Egg yolks women, aged 21 to 49 years. Two insulin-dependent The yolks of four eggs, boiled for 12 minutes, were diabetics each ate a salmon sandwich on two eaten with a little salad (tomato, cucumber, and occasions to validate the specificity of the pre-lettuce). The eggs were fresh, medium size, and these cipitating agent for low density (LDL) and very four egg yolks weighed in total between 66 g and 81 g. low density lipoprotein (VLDL) particles (see The larger yolks were given to heavier subjects. The 176
Materials and method
The concentration of serum high-density lipoprotein (HDL) cholesterol in populations is of predictive value for the development of myocardial infarction and possibly other vascular diseases.Ir'' Although there is little evidence that raising low concentrations of HDL cholesterol reverses the predisposition to myocardial infarction, the close direct association between HDL cholesterol and protection from myocardial infarction makes its estimation valuable.
One of the problems associated with measurement of lipids has been the requirement of prolonged fasting by the patient before a stable state is reached. However, there are claims that levels of HDL cholesterol are not affected by recent food." The effect of a variety of defined meals on the measurement of lipids, particularly HDL cholesterol, in healthy volunteers is described in this paper.
Results

TRIGLYCERIlJE ASSAY
A fully enzymic manual method was used with reagents from BCL. 
METHODS
Four fasting subjects (2 insulin-dependent men, 2 healthy women) ate the appropriate salmon sandwich containing Flora and had serum taken when fasting and 2 hours after eating. Aliquots of these samples were adjusted to densities of", 1·063 with equal volumes of saline and were ultracentrifuged as usual. This experiment was repeated six days later. On each infranatant and uncentrifuged sample, the following assays were performed after storage of samples for up to seven days at 4"C: HDL cholesterol (after precipitation) in triplicate, total cholesterol in triplicate, triglycerides in duplicate.
Concentrations of H DL cholesterol and total cholesterol on the ultracentrifuged infranatant were and chylornicrons was phosphotungstic acid/ magnesium ions." The supernatant cholesterol concentration was measured as for total cholesterol with the following modifications. The sample volume was 12·511.1; the controls were supernatants of Prccilip and Monitrol I that had been treated as test serum, Monitrol 2 was not satisfactory because the supernatant was turbid, presumably due to incomplete precipitation of VLDL particles.
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The precipitating reagent for LDL, VLDL particles UL TRACENTR I FUGA TION OF SER U M All lipid analyses were performed on serum. The cholesterol content of the infranatant fraction after ultracentrifugation is the reference value for H DL cholesterol. In this procedure, equal volumes of sodium chloride (176 g/I in water) were added to aliquots of serum to give a density of I ·063. Densities were checked by weighing. Polycarbonate tubes (10 ml nominal volumes) were filled with the saline/serum mixture and centrifuged at 4°C at 45000 rpm (MSE prepspin 50) in a 10 x 10 fixedangle rotor . The rotor was stopped after 22 hours without application of the brake, and the various fractions were collected. The cholesterol concentration was then measured in triplicate in (a) the untreated infranatant fraction, (b) the infranatant fraction after addition of precipitant (see below), and (c) uncentrifuged serum after precipitation of chylomicrons, VLDL, and LDL particles.
MEASUREMENT OF CHOLESTEROL
A fully enzymic method was used." Reagents were obtained from Boehringer Mannheim GmbH Diagnostica W Germany (BCL), and the working solution was constituted freshly for each batch. The assays were performed on the Gemsaec Centrifugal Analyser; the transfer disc accommodates 16 samples, and these comprised a water blank, the standard (Precilip BCL), two controls (Monitrol I and 2; Dade, Switzerland) and up to 12 test samples. The sample volumes were 5 fJ-1 and reagent volumes 500 fJ-1. The assay was performed at 37"C wavelength 505 nm, The end point was measured after 300 seconds.
FEEDING EXPERIMENTS
After initial venepuncture when fasting, subjects then ate the particular feed (0 hours). Further blood was drawn after 2, 5, and 7 hours in the majority of experiments. The calorific value of these feeds ("'300 to 800 calories) was approximately sufficient to produce the estimated energy requirements for the duration of the experiment. During the experiment, subjects did not eat further food and drank only 'black' tea or coffee or 'low calorie' tonic water. Blood was collected from subjects in some experiments at intervals between 0 and 2 hours. cholesterol content offour egg yolks has the potential to raise the total serum cholesterol byr-« l ·0 mrnol/l, assuming hypothetical complete absorption and no elimination from the circulation (egg yolks contained ",1·6 g cholesteroljl 00 g).
*Fewer specimens collected; number in parentheses
No. of Fasting 2 hours 5 hours 7 hours analyses Table 2 Comparison between HDL cholesterol, total cholesterol, and triglyceride levels in subjects before and after eating a salmon sandwich containing either butter or Flora cholesterol from the fasting figures were slight, with variation evidently within the limits of the method. Any changes in lipids were similar whether the sandwich contained Flora or butter (Table 2) . Table 2 similar to those in the supernatant after precipitation of uncentrifuged serum (Table I) . This correlation was found in both fasting samples and samples taken 2 hours after eating. These results imply that the HDL precipitating reagent is indeed specific for LDL and VLDL particles and chylomicrons, even after recent food. The salmon sandwich contains little cholesterol; it is possible that the specificity of the precipitating agent for the LDL and VLDL particles and chylomicrons is altered by dietary cholesterol.
To test for this, eight different subjects each ate four hard-boiled egg yolks with salad. Fasting sera and sera obtained 2 hours after eating were examined as above. Under each condition the concentration of HDL cholesterol obtained after precipitation was similar to that in the ultracentrifuged infranatant (Table 1) . Thus recent food high in cholesterol did not alter the specificity of the precipitating agent for LDL and VLDL particles and chylomicrons.
EFFECT OF A STANDARDISED SANDWICH ON
LIPID LEVELS
On two occasions each of eight fasting subjects ate a sandwich composed of white bread, tinned salmon, and either butter or Flora margarine (a total of 32 experiments), and blood was taken for estimation of lipids (each was measured singly) when fasting and at 2, 5, and sometimes 7 hours after eating. Glucose and insulin were estimated on most of these samples since the failure to detect alterations in lipid levels after these sandwiches had been eaten might be due to delay of absorption of the food. Throughout these experiments, glucose levels were found to be in the fasting range (2·8-5·3 mmol/l) or very slightly above it, but always less than 6·0 mmol/I, Insulin levels were also always returned by 2 hours to the level characteristic of the fasting value for the subject in question. The finding is consistent with the absorption and metabolism of glucose being complete by 2 hours. As expected, triglyceride concentrations were elevated at 2 hours compared with the fasting values, with either type of sandwich, but then fell to the fasting level by 7 hours (Table 2) , but changes in both total cholesterol and HDL The concentrations of total cholesterol and HDL cholesterol both rose slightly but not significantly at 30 minutes, and then fell to fasting levels at 2 hours (Table 4 ).
VARIATION OF TOTAL CHOLESTEROL AND HDL CHOLESTEROL WITHIN INDIVIDUALS
The above feeding experiments spanned three months. The opportunity was therefore taken to examine variation in the HDL and total cholesterol levels in different subjects over this interval. Because recent food has little effect on any of the HDL or total cholesterol levels, the results from each individual were combined. The standard errors for HDL cholesterol were about double those for total cholesterol (Table 5) , that is, in most individuals levels of total serum cholesterol are apparently more stable than those of HDL cholesterol. Intrinsic method errors can contribute little to this variation. In order to reduce the number of venepunctures on anyone day, two types of experiments were performed, one with estimations of lipids when fasting, then at 2, 5, and 7 hours, the other with estimations when fasting, and at t, I, I t, and 2 hours.
In the first set of experiments, 10 different subjects each ate four egg yolks. As expected, the triglyceride levels usually rose at 2 hours compared with the fasting and fell subsequently ( Table 3 ). The total serum and HDL cholesterol at 2, 5, and 7 hours were virtually identical with the fasting levels.
In the second type of experiments, eight different subjects consumed an egg yolk meal as before. Estimations of total cholesterol and HDL cholesterol were done in triplicate triglycerides in duplicate.
Because the HDL cholesterol and total cholesterol concentrations were similar in subjects before and after they had eaten butter or Flora, results for the two types of feed were combined. Results of fasting estimations and at 2 hours obtained previously (see above) after a sandwich containing Flora were also added to these. These figures show that, from 40 experiments with 10 subjects, total cholesterol and HDL cholesterol concentrations after these meals fell slightly, but not significantly, from 0 to 2 hours. 
Discussion
Based on similarities in cholesterol levels on the ultracentrifuged serum infranatant and on that after precipitation with magnesium/phosphotungstic acid, the precipitation would indeed appear to be specific for LDL and VLDL particles and chylornicrons. Previous studies have not always found precipitating methods specific for LDL and VDL particles and chylornicrons."" This may be attributed to the following:
In the experiments described here, densities were adjusted to 1·063 with approximately an equal volume of saline, and these were monitored by weighing. Adjustment of densities by the addition of crystalline K Br or NaC I, as descri bed by others, was found to cause the appearance of precipitation bands in the lower parts of the tube after ultracentrifugation. Precipitation was not seen after the addition of equal volumes of saline to serum. The nature of these precipitation bands is uncertain, but they might be denatured LDL and VLDL lipoproteins with increased density; if so, their presence might explain why the cholesterol concentration in the infranatant has been found by some workers to be higher than that from the supernatant after precipitation of uncentrifuged serum. It is also not clear how carefully densities had been checked in some studies. Another source of potential error after ultracentrifugation is contamination of the infranatant fraction by floating lipids during fraction collection. Although tedious, the procedure adopted here was to aspirate manually with a syringe and needle all the surface layer in small aliquots without disturbing the middle and lower regions in the tube. Some of the middle clear zone was then removed, and the lowest 5 rnl in the tubes (",,9 ml total contents) was collected by a single plunging of a pipette to the bottom and withdrawal of 5 ml. Finally, the assays were performed in triplicate, and the means were calculated. Occasional 'rogue' results were obvious, and the relevant assays were repeated. The commonest source of such errors was the presence of particulate matter at a particular locus on the Teflon transfer disc (non-disposable) used for the Gemsaec analyser.
To establish that this method is specific for HDL cholesterol even after food is of value since it may be used routinely for analysis of HDL cholesterol in serum from non-fasting patients. Furthermore, other workers have found that the addition of eggs to the diet can change some of the properties of HDL particles after some months, although their experiments were not controlled for total calorific intake." We found here that two standardised meals did not, 2 hours after eating, alter the specificity of the method.
Booth and Lacey
As anticipated, food causes triglycerides to rise after 2 hours and then to decline to fasting levels by 7 hours Although after 30 minutes the mean total cholesterol concentration had increased by 0·07 mrnol/l, this was not significantly different from the fasting levels. Incomplete absorption is unlikely to be the only explanation for the absence of a rise in cholesterol as glucose and insulin levels had returned to fasting level by 2 hours and the triglycerides showed a substantial rise at this time. Presumably rapid clearance and enhanced excretion of cholesterol have occurred in addition to inhibition of endogenous synthesis.'? The levels of HDL cholesterol were also not significantly altered by any of these diets. Can these findings be applied generally? The size of meals, in calorific terms (300-800), was modest but reasonably representative of an average breakfast, so venepuncture for these investigations in the morning should not require the patient to fast. However, the the effect of a large meal has not been tested, nor the effect of consumption of alcohol with food. It is also not known whether patients with 'hyperlipidaernia' will have levels distorted by recent food. These patients need to be studied, but for the 'routine' measurement of cholesterol and HDL cholesterol patients do not need to fast. In the patients with abnormal values, analyses on serum collected after fasting will be required.
One surprising finding was that H DL cholesterol in anyone individual varied considerably from day to day; this variation was greater than that of total cholesterol and was well beyond that expected between batch method errors. The level of HDL cholesterol is well known to be affected by a number of factors, notably, smoking, alcohol, physical exercise, and the season of the year in addition to race and also diet. One of the objects of these experiments was to study natural variation in individuals without altering their 'life-style'. Presumably these variations in HDL cholesterol represent the interplay of some, or all, of these factors. A series of estimations of HDL cholesterol should therefore be of more value than one single measurement.
